Purpose: To evaluate the corneal volume (CV) before and after Ferrara intrastromal corneal ring segments (ICRS) implantation and its influence in clinical outcomes in keratoconus patients.
INTRODUCTION
Keratoconus is a bilateral, progressive noninflammatory corneal ectasia that tends to affect young age groups in their late teens. 1 Despite intensive clinical and laboratory
investigations, its precise etiology is unknown. 2, 3 In keratoconus, corneal changes result in a mild to severe decrease in the corrected distance visual acuity (CDVA) as a result of progressive myopia, regular and irregular astigmatism, in addition to apical scarring in advanced cases. 4 One of the goals of treatment of keratoconus with intrastromal corneal ring segments (ICRS) is to improve quality of vision beyond the simple corneal flattening and stabilization of the disease. Significant asphericity changes
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can occur after any corneal surgery 5, 6 and these changes may explain the increase in spherical aberration and deterioration in the quality of monocular and binocular vision. 7, 8 The actual Ferrara ICRS nomogram is based on corneal asphericity. 9 Previously published studies have shown that is possible to predict the final Q-value after ICRS implantation. 10 This is important, once the quality of postoperative vision is linked to, besides the corneal flattening, the corneal shape (oblate or prolate). It is well known that not only the excess of prolateness of the cornea found in keratoconus but also the cornea oblate can cause unsatisfactory visual quality. Therefore, the surgical plan should be aimed to achieve a normal, physiologic Q-value (-0.23 ± 0.08).
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Corneal volume (CV) was recently identified as an additional screening factor for keratoconus.
12-14 Significant differences in CV have been reported between normal and moderate keratoconic eyes (Pentacam system: 60.83 ± 3.27 mm 3 controls vs 57.98 ± 2.65 mm 3 moderate keratoconus), 12 suggesting the potential role for CV as a diagnostic factor for corneal ectatic disorders. However, there is not enough scientific evidence of the potential usefulness of CV as a screening factor for keratoconus suspect. The aim of the present study was to evaluate changes in the CV and asphericity before and after ICRS implantation and the correlation between these parameters.
MATERIALS AND METHODS
In the present study, 77 eyes of 42 consecutive surgical patients from January to March 2011 were evaluated. The preoperative and postoperative data of patients, which had a Ferrara ICRS implantation, were used for analysis. This study was approved by the institutional review board of Dr Paulo Ferrara Eye Clinic, Belo Horizonte, Minas Gerais, Brazil and followed the tenets of the Declaration of Helsinki. The procedures were fully explained to each patient, and each provided written informed consent.
All operated patients had the diagnosis of keratoconus based on clinical findings and tomographic parameters. The patients had progressive intolerance to contact lens and/or clinical and topographic evidence of disease progression and/or unsatisfactory CDVA.
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Participant exclusion criteria were any previous corneal or ocular surgery, any eye disease other than keratoconus and chronic or continuous use of topical medications. Contact lenses (soft or rigid) had to be removed at least 72 hours before the examination.
We evaluated the asphericity changes after ICRS implantation and the expected asphericity 9,10 change based on preoperative CV.
PENTACAM MEASUREMENTS
The Pentacam is a combined device consisting of a slit illumination system and a Scheimpflug camera, which rotates around the eye. A thin layer within the eye is illuminated through the slit. Being not entirely transparent the cells scatter the slit light. In doing so, they create a sectional image, which is then photographed in side view by a camera. This camera is oriented according to the Scheimpflug principle, thus creating an image of the illuminated plane, which appears completely sharp from the anterior surface of the cornea right up to the posterior surface of the crystalline lens.
After correction for Scheimpflug distortion and light refraction at tissue interfaces the exact of location of image edge points in the eye is determined by means of raytracing. 15 Eye movements during image acquisition are captured by a second camera (pupil camera) and also taken into account in the mathematical evaluation. This produces a set of three-dimensional (3D) measurement data, which gives a precise geometric description of the anterior eye segment. This data in turn can be used to generate data on elevation, curvature, pachymetry and depth of the anterior chamber in the well known form of color maps. We used the HR version of Pentacam, which has a precision and reproducibility of 0.1 D for keratometry measurements.
The following parameters were evaluated with the Scheimpflug system: Mean corneal power in the 3.0 mm zone, topographic astigmatism, CV at 10 mm, minimum pachymetry and mean asphericity at 4.5 mm diameter corneal area.
STATISTICAL ANALYSIS
All data were analyzed using the SPSS software (SPSS, Chicago, IL) and reported as means ± standard deviation. The Student's t-test for paired sample was used for comparison of the variables. A p-value less than 0.05 was considered statistically significant.
RESULTS
The mean preoperative CV was 57.08 (SD: standard deviation ± 3.57) and 58.92 postoperatively ( Table 1 ). The keratometry decreased from 56.3 to 51.4 D (p < 0.001). The mean asphericity increased from -0.86 to -0.33 (p < 0.001). We evaluated the asphericity changes after ICRS implantation and the expected asphericity change based on preoperative CV. The Table 2 shows, in a sample of patients, the preoperative and postoperative Q and CV, and the Q and expected Q. In patients with CV inside two SD (53.51-60.65) of the mean CV, the postoperative asphericity values roughly agreed with expected asphericity values. In patients with CV outside two SD interval (<53.51 and >60.65) of the mean CV, the postoperative asphericity values did not agreed with expected asphericity values. Corneas with high volumes (>60.65) had less change of asphericity than corneas with low volumes.
DISCUSSION
Among the numerous morphologic parameters that can be measured by modern examination techniques is the CV. It reflects topographical and pachymetric changes and characterizes corneal morphometric changes with a single value. 16 The Pentacam, a 3D analyzer equipped with a rotating Scheimpflug camera, allows CV assessment. Because the CV is a numerical value, it may be useful for a statistical assessment of the entire cornea. CV has been proposed as a new index to diagnose keratoconus and screen refractive candidates. 12 However, most published papers found no significant differences in CV among different grades of keratoconus. 13, 17 Mannion et al have found that CV was significantly decreased in keratoconus, particularly in the central and paracentral area explained by loss of corneal tissue. The reduction in CV was in moderate and severe cases of keratoconus, but not in the early cases. One likely explanation for this finding could be that in early stages of keratoconus, a redistribution of CV occurs with no loss of tissue. 18 Most studies agree that the human cornea Q (asphericity) values ranges from -0.01 to -0.80. [11] [12] [13] Currently, the most commonly accepted value in a young adult population is approximately -0.23 ± 0.08. 14 As the asphericity can be considered as one of markers of quality of vision, 15 turning it closer to 'normal' or at least reducing the excess of prolateness usually found in keratoconus, could be a Student's t-test for paired sample, p < 0.001 for all parameters predictor of improvement of visual. The Q-value has been used as an important parameter for ICRS selection. 16, 17 A recently published paper has shown how much each thickness of ICRS (single or paired) can change the cornea asphericity. 10 Based on this data we can expect the asphericity change based on the thickness of the segment implanted. In the present paper we evaluated the asphericity change and the expected asphericity change after ICRS implantation and correlated this data with the preoperative CV in order to evaluate its influence in the outcomes based on Q. We found that in patients with the CV inside two SD (53.51-60.65) of the mean CV, the postoperative asphericity values roughly agreed with expected asphericity values. In patients with CV outside two SD intervals (<53.51 and >60.65) of the mean CV, the postoperative asphericity values did not agreed with expected asphericity values. Moreover, patients with cornea volume higher than 60.65 may have worse outcomes based on corneal asphericity.
Tu et al 19 implanted symmetrical segments of the same thickness in a sample of keratoconus patients with different grades of the disease. They reported that the refractive and keratometric surgical effect of ICRS appeared to be positively associated with the stage of keratoconus; that is, the effect was greater the more advanced the keratoconus stage. Considering that the CV is lower in more advanced cases of keratoconus, the results of that study agrees with the results of the present paper. Ambrosio et al 12 showed that the corneal-thickness spatial profile, corneal-volume distribution, percentage of increase in thickness, and percentage of increase in volume are different in keratoconic eyes and normal eyes. Keratoconic eyes have thinner corneas than normal corneas, with less volume and a more abrupt increase in these parameters from the thinnest point toward the periphery. In that paper, the authors described the corneal thickness and volume in different optical zones.
The CV is a new parameter, to be better studied, as it seems to be important in ICRS selection. Corneas with high volumes may require more tissue to get flattened and properly reshaped. The presented data could be used, in future studies, to aid in the development of new nomograms for ICRS implantation. 
